Replacement schedules with hydrocortisone (HC) to treat 21OHD are generally unsatisfactory and partially successful regarding growth. Noncompliance is common since its short half-life requires TID administration. Even multiple daily HC doses do not reproduce cortisol chronobiology and may disturb hypothalamic-mediated rhythms. Because synthetic glucocorticoids could improve clinical control, we evaluated the possible benefits of a one-year treatment period with a single morning oral dose of prednisolone (PD) phosphate in 44 patients with 21OHD randomized to two sex and age-matched groups: one (n=23) receiving PD (2.4-3 . 5 m g / m 2 BSA) and the other (n=21) TID HC (10-15mg/m 2 BSA). After one year, bone maturation ratio was kept stable in the PD group (from 1.20 to 1.14), whereas a slight increase was seen in the HC group (from 1.21 to 1.29). Growth velocity (SDS) was preserved in the PD group (from 1.2 to 1.2 in all; 0.79 to1.13 in pre-pubertals), whereas a slight increase occurred in the pre-pubertal HC-treated patients (from 1.1 to 1.9); height SDS for BA increased significantly in the PD group. Thus, patients with 21OHD treated for one year with a single morning dose of PD appear to achieve a better clinical and hormonal control than those on TID HC, permitting a reduction of the replacement dose. The current PD schedule used by our group (1.5-3mg/m 2 BSA/day) suggests a higher HC:PD bioequivalence ratio of 6-8: Esquemas de reposição com hidrocortisona (HC) para a D21OH são, em geral, insatisfatórios e parcialmente eficientes quanto ao crescimento. Não aderência é comum já que a meia-vida da HC requer administração de 3 doses diárias. Mesmo várias doses não reproduzem a cronobiologia do cortisol e podem prejudicar os ritmos mediados pelo hipotálamo. Como glicocorticóides sintéticos podem melhorar o controle clínico, avaliamos os possíveis benefícios da terapia por um ano com fosfato de prednisolona (PD) em dose única matinal em 44 pacientes com D21OHD randomizados em 2 grupos: um (n=23) recebeu PD (2,4-3,5mg/m 2 SC) e o outro (n=21), HC 3 vezes ao dia (10-1 5 m g / m 2 SC). Após um ano, a taxa de maturação óssea manteve-se estável no grupo PD (de 1,20 para 1,14), tendo aumentado discretamente (de 1,21 para 1,29) no grupo HC. A velocidade de crescimento (em SDS) foi preservada no grupo PD (de 1,2 para 1,2 no total de pacientes; 0,79 para 1,13 nos pré-púberes), enquanto discreto aumento ocorreu nos pré-púberes sob HC (1,1 to 1,9); a estatura para a IO (em SDS) elevou-se após um ano do uso de PD. Assim, pacientes com D21OH tratados por um ano com dose única matinal de PD parecem alcançar melhor controle clínico e hormonal do que aqueles usando 3 doses artigo original 
I
NTRODUCTION OF GLUCO (GC) and mineralocorticoid replacement has significantly improved lifespan and the quality of life of patients with 21-hydroxylase deficiency (21OHD), but current therapeutic regimens are not completely satisfactory. Results regarding final height are generally disappointing, with losses consistently exceeding 1.0 SD (1) . Additional problems as menstrual irregularities, infertility and psychosocial disturbances are also common (2) (3) (4) .
The ultimate goal in treating 21OHD is to reach a balance between adequate GC supply and proper control of hyperandrogenism, in order to avoid acceleration of bone maturation and attain the predicted final height. However, handling GC replacement to achieve a suitable control of the disease is often difficult: when higher doses are occasionally necessary to reduce androgen excess, they may produce substantial side effects, especially impairment of linear growth and development; when dosage is dropped to prevent growth complications, they hardly control hirsutism and virilization, because ACTH suppression may not be effective. Thus, conventional medical therapy for 21OHD needs a constant fine-tuning to prevent any damage caused by either hyperandrogenism or hypercortisolism.
Among the several drugs and schedules proposed, hydrocortisone (HC) has often been preferred because, as the physiologic corticosteroid, it is deemed harmless regarding growth effects (5, 6) . Nevertheless, due to its short half-life and need for multiple daily intakes, HC fails in maintaining a good control of the disease, permitting an occasional escape of adrenal androgens (7) (8) (9) . While total daily HC doses have been gradually decreased with time to fit actual cortisol production rates, it seems virtually impossible to reproduce its physiological circadian rhythm and pulsatile secretion. The replacement HC doses originally recommended in the 50's, ranged from 20 to 30mg/m 2 BSA, a time when side effects due to overtreatment were common. It has been demonstrated that impairment in the final height can be avoided when smaller doses are used; at present, acceptable HC doses range from 10 to 15 mg/m 2 BSA, in agreement with current data on cortisol secretion rate of 8-10mg/24hs (10, 11) .
When GCs other than HC are used, the bioequivalence dose ratio is based upon anti-inflammatory potency, because other clinical equivalence tables are not yet available. Thus, replacement therapy with synthetic GCs frequently uses improper doses, but even "physiologic doses" may impair growth velocity and restrict final height (12) . Several mechanisms may be involved in this scenario: suppression of pituitary GH secretion, reduction of tissue sensitivity to GH, inhibition of IGF-1 bioactivity and decreased collagen synthesis (13) .
Reliable results using small HC doses and mineralocorticoid replacement with fludrocortisone have been recently reported, when combined with antiandrogens (flutamide) and aromatase inhibitors (testolactone) (14) . However, this complex and expensive multi-drug scheme is demanding for routine use, especially in third-world countries.
As an alternative option to treat 21OHD, longacting synthetic GC analogues may suppress ACTH more efficiently (7, 15, 16) . Prednisolone (PD) has a molecular structure that resembles that of cortisol, with the C1-C2 double bond determining a longer half-life and possibly permitting single daily dose administration. In addition, its convenient commercially available formulation (homogeneous oral solution) permits fine therapeutic adjustments.
In the present study, we have extended our previous short-term observations (17) for one year in order to evaluate potential clinical benefits of PD therapy in patients with 21OHD.
PATIENTS AND METHOD
Forty-four patients previously diagnosed as having the salt-losing (SL; n=27) or simple-virilizing (SV; n=17) forms of 21OHD were randomly assigned to two groups, stratified according to sex, age, and pubertal status, in order to assess the clinical benefits of a oneyear treatment period with a single morning dose of PD, as compared to TID HC for GC replacement therapy. Group 1 patients (n=23) included 16F/7M, 1.6 to 20y of age (median: 9.4y), 10 pre-pubertal (B1 and G1, according to Tanner's classification), 8 pubertal (B2-B4 and G2-G4), and 5 post-pubertal (adults, B5 and G5). Group 2 patients (n=21), encompassed 18F/3M, 1.2 to 21y of age (median: 8.3y), 11 prepubertal, 5 pubertal and 5 post-pubertal.
Group 1 received PD phosphate (Prelone ® , 3mg/ml oral solution, Asta Medica, Brazil), initially at a dose of 2.4-3.75mg/m 2 BSA once a day in the morning (7:00-8:00hs), whereas group 2 patients were maintained on oral HC acetate TID, 10-15mg/m 2 BSA (half of the dose administered at 7:00-8:00hs, and 1/4 at 12:00-13:00hs and at 20:00-21:00hs). The initial HC to PD bioequivalence dose ratio employed was 4:1, as previously reported (18, 19) . All patients also received fludrocortisone acetate tablets, 0.1 mg per day in the morning, as mineralocorticoid replacement.
Patients were seen every 3mo by one of the authors (MCFC) at the Adrenal Outpatient Clinic from the Division of Endocrinology of UNIFESP, and at the Pediatric Endocrine Service, Hospital Darcy Vargas, São Paulo, SP, where clinical parameters (weight, height, growth velocity [GV] , and pubertal stage) and serum levels of testosterone (T), androstenedione (A), and 17OH-progesterone (17OHP) were evaluated to monitor therapy. Dose adjustments were made whenever necessary, as judged by clinical and biochemical evaluation. Left wrist X-ray for bone age (BA) was obtained before and at the end of the one-year period. BA was estimated by the Greulich and Pyle method (20) , and the BA/CA (chronological age) ratio was calculated.
The study protocol was approved by the Committees on Ethical Research from both institutions and informed written consents were obtained from all patients and/or their parents or legal guardians.
Standard deviation scores (SDS) for weight, height and GV for chronological age were determined according to Tanner's standards (21) . Height SDS for BA was also calculated.
All 10 post-pubertal ("adult") patients were excluded from the height, GV and BA analysis, because final stature and/or adult BA had been reached prior or soon after admittance to the study protocol. Another two female patients (7.4 and 9.7y), both from group 1, who had been on leuprolide acetate for true precocious puberty, were also excluded from the height and GV analysis.
All steroid determinations were performed in duplicate: T was determined by a routine RIE (22), whereas commercially available kits (Diagnostic Systems Laboratories-DSL, lnc, Welter, Tx) were used for A and 17OHP, with intra-and inter-assay precisions of 4.5% and 7%, and 8% and 8%, respect i v e l y .
Parametric and non-parametric statistics were used according to the nature of the variable. Mean±SD and median and range were used in the text and tables to represent central measurements and dispersion values for each parameter. Paired and unpaired t tests were used to compare initial and final (one-year) values and values between groups.
The data bank was statistically dealt with using the Graph Pad program, version 3.0 (PRISM TM ). Statistic significance was set at the p<0.05 level.
RESULTS
Clinical and biochemical data at the beginning and at the end of the one-year treatment period are shown in Table 1 . Clinical data (mean±SD and median and range) of 44 patients with 21OHD, at the beginning (initial) and at the end (final) of a one-year controlled treatment study with single morning dose prednisolone (n=23) or TID hydrocortisone (n=21). (table 1) . Both the slight decrease in the PD group (0.37 to 0.11) and the slight increase in the HC group (-0.64 to 0.01) moved the median height SDS for CA towards zero at the end of the one. However, the absolute change ( ∆BA/CA) after one year differed significantly between both groups (p<0.02) (figure 1), even when pubertal patients were excluded from analysis. When height is corrected for BA, a significant increase in height SDS for BA is observed in the PD group (-0.73 to -0.17; p<0.05) at the end of one year, whereas it did not change in the HC group (-0.61 to -0.98; NS); although initial values were similar, final values were significantly lower in the HC group (-0.98 vs -0.17, respectively; p<0.02) (figure 2).
AGE
Growth velocity SDS for CA was similar in both groups and did not change significantly after one year (1.16 to 1.12 and 0.95 to 1.38), even when prepubertal patients were analyzed separately (0.79 to 1.13 and 1.13 to 1.92, respectively for PD and HC); a large individual variability was observed.
Seven of 10 patients (70%) from the PD group and 6 of 11 (54.5%) from the HC group continued on their Tanner's stage 1 pubertal status at the end of the one-year period.
Patients in the PD group were slightly heavier than those in the HC group; at the end of one year an average weight gain of 12% was observed for both groups. The initial weight SDS was not statistically different between the two groups; after one year it increased significantly in the HC group, but did not change in the PD group (table 1) .
The average daily dose of PD at the onset of the study 
Hormonal data
Serum steroid levels at the beginning and after one year of treatment with PD or HC are shown in table 2. To avoid the influence of pubertal gonadal production, pre-pubertal and pubertal plus post-pubertal patients from both the PD and HC groups were analyzed separately. Although generally lower in the PD group, both initial and final values from all 3 steroids were not significantly different between groups. After one year of therapy serum levels decreased in both the pre-and pubertal PD subgroups (significantly for all, except A and 17OHP in pre-pubertal); a similar (but NS) pattern occurred with the HC subgroups. Figure 3 discloses the average percent change of serum steroids after one year for the whole PD and HC groups, whereas figure 4 shows the individual final serum levels of T, A and 17OHP for both the HC and the PD groups, according to their pubertal status. Overall, a larger proportion of patients from the PD group were considered in good control (23), according to the hormonal cutoffs depicted in the figure.
No evidences of GC excess were observed during the treatment period, except for 2 female patients who gained distinctive weight and disclosed some facial plethora and mild hirsutism during the initial 3mo-course of PD. Symptoms relieved after appropri- ate dose reduction. Menstrual cycle abnormalities were present in 6 of 8 post-pubertal patients: 2 from the HC group remained primary amenorrheic and 4 were oligomenorrheic (2 from each group). The other 2, both from the PD group, had regular cycles.
DISCUSSION
21OHD is a peculiar endocrine disease in that clinical manifestations result from both a hormonal deficiency (hypocortisolism) and a hormonal excess (hyperandrogenism), consequences of a specific steroid biosynthetic deficiency in the adrenal cortex. Lifelong therapeutic control of both conditions is challenging and implies constant monitoring to yield adequate outcomes (24) . In addition, poor adherence is common and prompts the clinician to seek for simpler treatment alternatives to suit patient's convenience and lifestyle. Although considered the major GC, HC may not be appropriate to treat 21OHD. As suggested by a kinetic study of 17OHP, both the metabolism and clearance rates of HC were faster in patients than in controls (9) . Also, questions regarding formulation of commercially available HC suspensions cast additional doubts on its bioavailability (25) .
These points were also stressed in a recent consensus statement, in which oral HC suspension was not recommended for treatment of 21OHD (19) .
In a previous short-term study, we observed that serum levels of adrenal steroids were better controlled on PD than on HC schemes (17) . In the present study, we have extended that observation for one year in order to evaluate potential clinical benefits.
Regardless of previous GC treatment, the patients' heights at the onset of this study were adequate for chronological age, but sub-optimal when adjusted for bone age. The disproportionate increase in height SDS observed throughout the one-year controlled treatment period in the pre-pubertal patients who were on HC may reflect persistently mild hyperandrogenism. As a result, the target height potential was evidently limited in these patients, at the end of the observation period. On the other hand, PD treatment was able to hold excessive skeletal maturation and to improve the ultimate predicted height, as reflected by some gain in the height SDS for bone age in this group.
Absolute change of the BA/CA ratio was higher in the HC as compared to the PD group, demonstrating that HC is less efficient in restraining skeletal maturation. These results provide additional evidence that even on single morning dosages, PD is able to control bone maturation more efficiently than TID HC. Nevertheless, preservation of adequate growth rate for age in both groups was accompanied by a disproportionate advance in bone maturation, specially in pre-pubertal patients on HC. Moreover, considerable individual increases were observed in these patients, but not in those on PD. These data are in contrast with the widespread concern of a growth suppressive effect associated with the use of synthetic GCs (4, 5) . The potential for growth suppression linked to longacting synthetic GC seems rather associated with the dose employed than with the GC itself. For instance, dexamethasone -which is usually used in adult patients with 21OHD -, proved adequate also in prepubertal patients provided a more physiologic bioequivalence ratio (DEX:HC 1:70) is respected (15) . In our study, the growth pattern observed in the PD group is at least comparable to those previously reported on HC (26) .
Since clinical signs may not be particularly evident at short-term intervals, therapeutic monitoring of 21OHD is based mainly on the concentration of serum steroids. However, it is precarious to ascertain daily production rates based on single morning samples because of their substantial variation throughout the day. 17OHP, in particular, is vulnerable for follow-up, due to its enormous circadian variations (24) . Even so, significant decreases in all measured adrenal steroids were observed after one year on PD both in pre -and pubertal patients, a fact not evident for HC. After one year of treatment, appropriate serum testosterone and androstenedione values were seen in a much higher percentage of patients on PD than on HC. Again, adequate androgen control could be achieved with a once-a-day PD administration, raising an argument against the consensus statement recommendation of BID administration (19) .
The best time of the day for GC intake is an additional matter of controversy in replacement therapy for 21OHD (16, 27) . Charmandari et al (28) observed different metabolic clearance rates for HC associated with the time of the drug intake: a 26% decrease was seen in the evening, as compared to the morning intake. The prolonged half-life at evening therapeutic schedules may have potential deleterious implications. We have previously shown that adrenal steroids were equally well controlled with either a morning or an evening dose of PD (17) . However, when the non-physiologic evening schedule was employed, there were evident changes in the chronobiologic hormonal profile (a 4h-phase delay) and a higher prevalence of side effects (17) .
Our results confirm a high prevalence of menstrual abnormalities in patients with 21OHD (3, 29) . Although a clear explanation is not available, chronic progesterone and/or androgen excess may play important roles. Because most Tanner's stage 5 patients had disordered cycles, an oral estrogen prescription should be added to their treatment.
Weight gain was observed in three children when starting on PD, but was corrected in two after dose adjustment. In the third one, personal and familial conflicts may have been important in changing her eating habits. A question of individual sensitivity and/or inadequate PD to HC bioequivalence can be invoked. Notwithstanding, PD was devoid of any significant side effects after one year of continuous treatment. To reinforce the inadequacy of the reported PD to HC bioequivalence ratio, clinical and biochemical monitoring of our patients prompted us to gradually decrease PD while increasing HC dosages along the year, resulting in an estimated HC to PD bioequivalence ratio of 6-8:1 after one year of treatment. Even a higher equivalence ratio (15:1) was recently reported by Punthakee et al (30) . At present, we have successfully reduced the replacement PD dose range in our 21OHD patients to 1.5-3.0 mg/m 2 BSA/day.
Some additional information obtained in this study is worth to mention: parents refer that dose skipping in TID HC was frequent, whereas the once-a-day PD schedule favored adherence, facilitating the household routine. When cost-benefit is concerned, the monthly cost to treat a 1m 2 Therefore, several pieces of evidence favor the use of PD for the treatment of 21OHD. Of all synthetic GC, PD has the most structurally closer molecule to HC. As the biologic active form of the commonly used prednisone, it bypass liver activation, which could be a problem when the physiologic hepatic inability of childhood or adolescence (11 HSD1 deficiency) is considered (31, 32) . A single daily PD dose has been proven as efficient and adequate as TID HC for clinical and biochemical control of 21OHD patients. Once-a-day intake of PD is more convenient, reliable, and improves treatment compliance, in addition to its cost-effectiveness. Also, PD is commercially available and its liquid formulation is useful in fine-tuning and tailoring patient's dosage, as opposed to HC tablets. Most patients kept on PD have maintained expected good results, similar or better than with HC.
In conclusion, when the convenience of a single daily dose, compliance and cost-effectiveness are considered, PD proves superior to HC for the continuing medical treatment of 21OHD. However, long-term follow-up is still necessary to demonstrate individual clinical benefits upon final stature and fertility.
